risk factors, especially those involved in mineral and bone disorder (MBD) of CKD, contribute to the increased risk of cardiovascular disease. [4, 5] Animal experimental studies showed that high extracellular phosphate levels could stimulate vascular smooth muscle cells (VSMCs) to transdifferentiate into osteoblast-like cells, increase the accumulation of calcium in VSMCs, and therefore induce calcification. [6] Furthermore, other pathways involving hyperphosphatemia could also contribute to vascular calcification (VC), including induction of VSMC apoptosis, inhibition of monocyte/macrophage differentiation into osteoclast-like cells, elevation of fibroblast growth factor 23 (FGF23) levels, and alteration in Klotho expression. [7] Elevated FGF23, along with hypertension and anemia, could lead to left ventricular hypertrophy (LVH), which is also an important manifestation of cardiovascular abnormalities. [8] Therefore, understanding the status of MBD, as well as its association with cardiovascular disease, is important for improving the prognosis of patients with CKD.
Previously, most studies in CKD-MBD are from Western countries, while researches from Asian, especially Asian developing countries are limited, where the diet and medical practice habits are different. Chinese Cohort Study of Chronic Kidney Disease (C-STRIDE) is a large, prospective, multicenter, observational cohort study in China, aiming to investigate the risk factors for renal function deterioration, as well as the incidence and the risk factors for cardiovascular disease among patients with CKD. [9] In the present analyses, the baseline data of participants from C-STRIDE were used to investigate the status of MBD, as well as its association with LVH and VC.
Methods

Study design and participants
The design of C-STRIDE has been described elsewhere in details. [9] In brief, altogether 39 nephrology centers in different geographic regions in China were involved in the study. A total of 3194 CKD participants without on dialysis were enrolled until November 2011 and were therefore included in the study. The inclusion criteria were as follows: (1) ·1.73 m −2 and "nephrotic range proteinuria" for patients with diabetic nephropathy. [10] A small percentage of patients were classified as CKD Stage 5 by a central laboratory test. Since they also had complete baseline data and were therefore included in the analyses. Participants meeting one of the following criteria were excluded: (1) with serious coexisting illnesses, including chronic heart failure (New York Heart Association Class III or IV), hepatic cirrhosis, human immunodeficiency virus (HIV) infection/acquired immune deficiency syndrome (AIDS), isolated hematuria, and organ transplantation, or (2) CKD caused by systemic inflammatory illness or autoimmune disease, such as systemic lupus erythematosus; or (3) requiring immunosuppression agents within 6 months to treat renal diseases or immune disease; or (4) malignancy treated with chemotherapy within last 2 years; or (5) pregnant or breastfeeding women; or (6) hereditary kidney disease; or (7) in interventional clinical trial. The C-STRIDE study was approved by the Ethics Committee of Peking University First Hospital and was in adherence with the Declaration of Helsinki. All the participants gave written informed consent before data collection.
Biochemical tests for mineral and bone disorder
Fasting morning blood specimens were collected at the study visit. All participates' blood samples were transported by cold chain to the Central Laboratory of Peking University First Hospital to avoid the variation of testing values between laboratories. Serum calcium was determined by a colorimetric reaction, with a normal range of 2.12-2.75 mmol/L. Total serum calcium was adjusted if serum albumin was <40 g/L, using the formula: corrected total calcium (mmol/L) = total calcium (mmol/L) + 0. [11]
Abdominal aortic calcification
Lateral abdominal X-ray to detect abdominal aortic calcification (AAC) was evaluated by a single radiologist blinded to clinical information. Detailed description of the protocol for measurement had been previously described by Kauppila et al. [12] Left ventricular hypertrophy 
Other variables
A questionnaire documenting information of detailed demographics, lifestyle behaviors, and medical and medication history were inquired. Anthropometric measurements (resting blood pressure, height, and weight) were measured using standardized procedures. Body mass index was calculated by using the formula: weight (kg)/height 2 (cm 2 ).
Statistical analysis
Continuous variables were shown as mean ± standard deviation (SD) except for highly skewed variables, which was presented as median and interquartile ranges (IQRs). Categorical data were presented as percentages. Relevant characteristics are described and stratified according to the eGFR. Analysis of variance or Kruskal-Wallis test was used to compare the differences for continuous variables, and Chi-square test was used for categorical variables.
Multivariate logistic regression models were used to assess the association between the levels of serum phosphorus and the presence of AAC and LVH. Covariates included in the models were age (continuous) Table 2 shows the achievement of mineral metabolism parameters target according to Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guideline. [5] The proportions of patients with hyperphosphatemia were 2.6%, 2.9%, 6.8%, and 27.1% in CKD Stages 3a, 3b, 4, and 5, respectively. The proportions of patients who lower than the serum phosphorus target were 17.1%, 14.5%, 7.2%, and 1.9% in CKD Stages 3a, 3b, 4, and 5, respectively. Among the patients diagnosed with hyperphosphatemia, 71.6% of them were without the use of PBs. Moreover, 17.5% of the patients with hypophosphatemia were still under the treatment of PBs [ Figure 1 ].
In this study, 2280 (71.3%) individuals had results of lateral abdominal X-ray examination and 9.8% of them were diagnosed with AAC. The associations between increased serum phosphorus and AAC are shown in Table 3 . After adjusting for age, gender, eGFR, smoking status, FBG, HDL, and SBP, the level of phosphorus was independently associated with the presence of AAC, with an OR of 1.59 (95% CI: 1.01-2.51, P = 0.050). Results did not change substantially when further adjusted calcium, iPTH, and mineral metabolism drugs, with OR of 1.99 (1.11-3.56, P = 0.020). A total of 2219 (69.5%) patients had an echocardiographic measurement, and 13.2% of them were diagnosed with LVH. In the fully adjusted model, serum phosphorus was a strong risk factor with OR of 2.11 (1.26-3.22, P = 0.003) [ Table 3 ].
dIscussIon
In this multicenter, prospective cohort study, we found that the percentage of hyperphosphatemia among Chinese CKD population is comparable to reports from other countries, while the usage of PBs is suboptimal. Levels of serum phosphorus are independently associated with the presence of AAC and LVH, while the prevalence of VC among Chinese patients is relatively lower compared with studies in the Caucasian population.
Hyperphosphatemia is a well-known risk factor for patients with CKD, while most studies regarding the serum phosphorus control rate among CKD population are from Western countries. Researches from Asian, especially Asian developing countries, are limited. Our study revealed that Chinese CKD patients had a serum phosphorus level comparable to that from the US, [14, 15] Italy, [16] and Japan. [17, 18] The control rate of serum phosphorus in China is also comparable to those countries. [14, 16, 18] In contrast to a previous study of 727 predialysis CKD Stages 3b-5 patients from Italy, [16] a similar prescription rate of PBs was identified (17.3% vs. 20.1%). However, we also noticed that a higher prevalence of the patients (71.6%) with higher phosphorus level was a lack of PBs treatment in our study than that observed in Italy (50.9%). [16] Moreover, a relatively high proportion (17.5%) with hypophosphatemia was still under the treatment of PBs in our cohort. These results reflected a fact that the usage of PBs is unsatisfactory in China.
VC is one of the most common complications in CKD patients. In this study, we used the lateral abdominal X-ray to assess VC. The presence of significant AAC on X-ray was strongly associated with significant coronary artery calcification. [19] Thus, despite it is lower sensitive than electron-beam computed tomography (EBCT) or multislice computed tomography (MSCT), the lateral abdominal X-ray could be used as a more easily available technique to detect the presence of VC. [5] Our study showed a relatively low prevalence of VC compared with studies involving Caucasian CKD patients, which have reported 32% prevalence in Spain predialysis Stages 3-4 CKD patients. [20] While in another study involving 96 Chinese nondiabetic and nondialysis CKD Stages 3-5 patients, [21] which serum phosphorus value was similar to our study, showed a lower presence of VC at a percentage of 27%. Considering the latter study assessed multisite VC in abdomen, pelvis, and hands, and we only detected the VC in abdominal aorta, the participates in China might have a lower incidence of VC compared with that of Caucasian CKD patients. Whether multisite VC measurements are better than the lateral abdominal X-ray in Chinese CKD population, further studies with higher sensitivity measurement were needed to validate this opinion.
The associations of serum phosphorus concentrations with LVM were conducted in many previous studies, while most studies are based on general population. The Framingham Offspring Study [22] reported an association between echocardiography LVH and serum phosphorus in a prospective study of 3300 participants free of heart failure and CKD showed that each 10 mg/L increment in serum phosphorus was associated with a 1.74-fold risk of heart failure (95% CI: 1.17-2.59). Furthermore, in Multi-Ethnic Study of Atherosclerosis study, [23] involving 4494 participates without any previous diagnosis of cardiovascular disease, indicated that each quintile increase in the estimated dietary phosphate intake was associated with an estimated 1.06 g (95% CI: 0.50-1.62 g) greater LVM. Studies on the association between phosphorus and LVH in CKD population are limited. Chue et al. [24] used cardiovascular magnetic resonance imaging (MRI) to demonstrate a correlation between serum phosphorus and LVMI in 208 nondiabetic patients with CKD Stages 2-4 (mean serum phosphorus 1.1 mmol/L). Our study lends further support to this findings, indicating that phosphorus had an influence on cardiovascular structure among all stages of predialysis CKD even when the majority of patients were within the recommendation of KDIGO guidelines. [5] The association between serum phosphorus and LVH in CKD patients may be due to the following two categories: first, VC and arterial stiffness caused by hyperphosphatemia reduced large-vessel compliance [25] which increased after a load of heart. Second, the toxic effects of phosphorus on myocardial cells may be the cause of cardiomyocyte hypertrophy and interstitial cell proliferation, rather than cardiomyocyte proliferation. [26] Of note, the FGF23, [8] an early marker of phosphate load, could also significantly elevate the incidence of LVH. The relationship between LVH and serum phosphorus level is complicated and also represents an area worthy of future study.
Our study has several limitations that deserve to mention. First, this study was based on a cross-section data and therefore we could not make causal inference. Second, several biomarkers and information related to the MBD were not available in our study, such as 25-dihydroxyvitamin D, fractional excretion of phosphate, FGF23, as well as diet habits; therefore, we cannot evaluate their effect on cardiovascular disease as confounding factors. Third, cardiovascular parameters measurements are not available to the entire cohort. Lastly, EBCT/MSCT that assesses VC was not available at our center due to resource limitations. The lack of a sensitive imaging modality may partly explain the low prevalence of AAC in the study population. In conclusion, our study revealed that in Chinese patients with CKD, the percentage of hyperphosphatemia is comparable to reports from other countries, and levels of phosphorus are independently associated with cardiovascular markers including AAC and LVH. Considering the suboptimal usage of PBs in Chinese patients with CKD, nephrologists should pay more attention on the management of MBD. The prevalence of VC evaluated by the lateral abdominal X-ray in Chinese patients is relatively lower compared with the Caucasian populations, which needs to be validated in other cohorts based on Chinese patients. Further longitudinal studies with comprehensive information of MBD and hard end points were needed to evaluate the association between mineral metabolism disorder and cardiovascular disease. 
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